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The experiments reported in the preceding communication (1) indi- 
cated  that  after  nasal  instillation  in  mice  the  vesicular  stomatitis 
viruses spread to the central nervous system (C.N.S.)  by way of the 
first cranial nerve and subsequently along special pathways to other 
regions of the brain.  The resistance of the greater number of old mice 
appeared to be due to an arrest of the progression of virus somewhere 
in the "anterior rhineneephalon."  The present report deals with the 
mode of invasion of the C.N.S. of young mice and with the nature and 
site  of  the  resistance  exhibited  by  older  animals  after  peripheral 
inoculation into other regions. 
Methods 
The animals and the general methods  employed were described in the first 
paper (1).  Only the following  additional remarks are necessary. 
To test for virus in the sciatic nerve, after inoculation into the calf muscles~ it 
was bluntly dissected away from the lymph nodes and fat in the popliteal fossa, 
cut there and again cephalad near the vertebral column. 
After intraocular injection, the brain was subdivided as indicated in the pro- 
tocols, tables, and in Fig. 1.  With the brain on its dorsum the pens,  medulla, 
and cerebellum were removed, leaving in situ the corpora quadrigemina.  Then 
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turning the brain onto its ventral surface, the two cortical hemispheres, including 
Ammon's horn, were separated at the longitudinal fissure and peeled away from 
the mesencephalon and diencephalon.  Anteriorly the diencephalon was severed 
from the corpus striatum along the stria terminalis and at the level of the optic 
chiasm (Fig. 1).  When it was desired to test separately for virus the right and 
left halves of the mesencephalon and diencephalon,  the cut was purposely  not 
made in the midline in order to avoid, as best as could be done, admixture of the 
possible positive  with the negative half. 
EXPERIM-ENTAL 
Spread  of  Virus  after Intramuscular  Injection  in  Young  and  Old 
Mice.--Old mice are more resistant to intramuscular injection than 
to nasal instillation of vesicular stomatitis virus.  Thus far not a single 
old mouse has been observed to show signs of disease or to succumb 
after intramuscular (also subcutaneous) injections of large amounts of 
virus.  To determine the nature and site of the resistance in intra- 
muscularly injected old mice, it was decided to find out by what route 
virus deposited in the muscle reached the C.N.S. of very young mice 
and  to  investigate  the  variations  which  occurred  in  older  animals. 
Clinical observation of young mice suggested that virus invaded the 
C.N.S. primarily by way of the nerves supplying the injected muscle, 
for after inoculation into the calf muscles of one posterior extremity 
the  first  sign is invariably flaccid paralysis of that leg followed by 
paralysis of the opposite member.  Signs of upper neurone involve- 
ment are always a late manifestation. 
Young mice (15 days of age) and old mice (about 1 year old) were each injected 
into the muscles of the right posterior extremity with 0.3 cc. of a 10 per cent virus 
suspension  (10  ~ minimal  cerebral  lethal  doses  (~.c.L.]).)).  The  young  mice 
developed paralysis of the posterior extremities on the 4th day, while none of the 
old mice showed any signs of disease.  Young mice were killed 2 and 4 days, and 
old 2, 3, 4, 6, and 8 days after injection.  The material from two mice in each 
group was pooled for virus tests at the indicated intervals.  Each mouse was bled 
to death and the blood tested for virus by intracerebral  injection of 0.03 cc. into 
each of three mice.  The other structures examined for virus included the inocu- 
lated calf muscles, the right popliteal lymph nodes (in the old), the right sciatic 
nerve, the lumbar spinal cord, and the left sciatic nerve. 
The data presented in Table I indicate that intramuscularly injected 
virus has a different fate in young and old mice.  In the young, there 
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contained virus on the 2nd, although not on the 4th day after inocula- 
tion; on  the  2nd  day  virus was  present  in  the  right  sciatic nerve, 
lumbar cord, and in a small amount also in the left sciatic nerve.  On 
the 4th day, when the young mice exhibited flaccid paralysis of both 
posterior extremities, virus was easily demonstrable in the right sciatic 
Fi6. 1.  Dorsal view of mouse  brain with cerebral hemispheres removed.  C.S., 
corpus striatum; S. T., stria terminalis; Dienc., diencephalon; Mesenc., mesen- 
cephalon. 
nerve and spinal cord but none was found in the left sciatic nerves of 
the  two mice studied.  There is  good evidence, therefore, that  the 
primary invasion  of  the  C.N.S.  in  the  young was  by  way of  the 
nerves supplying the inoculated muscles. 
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TABLE  I 
Spread of Vesicular Stomatitis  Virus  (New Jersey Strain) in Young and Old Mice 
after Intramuscular Injection 
0.3  cc.  of a  10 per  cent mouse brain suspension in broth,  containing I0,000,000 
:~.C.L.D.,  was injected into the right leg muscles of each mouse 
Tissue tested for virus 
Heparinized blood 
Right calf muscles (inoculated site) 
Right popliteal lymph nodes 
Spleen 
Right sciatic nerve 
Spinal cord 
Left sciatic nerve 
Time after 
inoculation 
days 
2 
3 
4 
6 
8 
2 
4 
8 
2 
3 
4 
6 
8 
Age of mice supplying tissues 
15 days 
0, 0, 0 
n.t. 
0, 0, 0 
n.t. 
2, 2, 2 
2, 2, 3 
n.t. 
3, 4, 4 
0, 0, 0 
n.t. 
2, 3, 3 
n.t. 
2, 2, 3 
n.t. 
2, 2, 3 
n.t. 
2, 2, 2 
n.t. 
i 
4, 4, 0 
rl.t. 
0, 0, 0 
n.t. 
About  l yr. 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
2, 2, 2 
3, 5, 6 
0, 0, 0 
2, 2, 2 
7,0,0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0, 0, 0 
n. t.  =  no test was made. 
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cerebral lethal doses, virus was demonstrable only at the site of in- 
oculation and in the regional popliteal lymph nodes, and not in the 
other tissues studied.  The injected muscle contained it abundantly 
on the 2nd day, probably a little less on the 4th, while none was found 
on the 8th day.  The regional lymph nodes showed virus on the 2nd 
day, only a trace on the 4th, and none on the 8th day.  No virus was 
found at any time in the blood, spleen, lumbar cord, or sciatic nerves. 
Other tests with intramuscularly injected old mice, not recorded in 
the table, never revealed virus in the nervous tissue of these animals. 
The  resistance  of old  mice  to  intramuscularly injected vesicular 
stomatitis virus thus appears to be due to the inability of the virus to 
invade  the  nervous  system.  In  this  case,  however,  the  barrier  is 
peripheral,  while  after  nasal  instillation in  old mice  the  virus  can 
invade the peripheral  nerve and reach the  anterior rhinencephalon, 
where its further progression is arrested by a  barrier in the central 
nervous system. 
Effect of Intrasciatic Injection of Virus in Old Mice.--Little is as yet 
known  of  the  mechanism  whereby  intramuscularly  injected  virus 
invades  a  peripheral  nerve  and  of  its  subsequent  transport  to  the 
C.N.S.  To  discover in what  structures  the  progression  of virus  is 
held up, it appeared desirable to investigate the effect of direct intra- 
sciatic inoculation. 
The right sciatic nerve of 1 year old anesthetized mice was exposed just cephalad 
to the popliteal space and about 0.1 cc. of 10 per cent virus suspension (N. J. strain) 
was injected into it with a 28 gauge needle.  The needle was moved up and down 
several times in order to cut some of the fibres.  Although the injection was made 
with little pressure, the sheath of the nerve invariably broke and most of the mate- 
rial escaped.  The edges of the wound  were approximated  and covered  with 
collodion which proved to be adequate in keeping it closed and uncontaminated. 
The mice quickly recovered from the operation and showed no apparent immediate 
weakness of the inoculated extremity. 
In the first experiment (Table II) five old mice were injected in the manner just 
described and three of them developed paralysis of the posterior extremities.  One 
of these three died and the other two were sacrificed to test for virus in selected 
tissues.  It was rather striking that in this group all mice exhibited evidence of 
biting either the tail or one or more of the extremities.  The fact that two of the 
mice survived without showing any other signs of disease cast doubt on the pos- 
sibility that the biting was a  manifestation of virus  involvement.  This doubt 
was further increased when in subsequent experiments none of the mice exhibited 40  VESICULAR  STOMATITIS  VIRUS.  II 
TABLE  II 
Effect of Intrasciatic Inoculation of Vesicular Stomatitis  Virus (New Jersey Strain) 
in Old Mice 
All mice injected into right sciatic nerve with 10 per cent virus suspension 
i 
II 
4 
I 
i 
d  Presence of virus in 
l 
sciatic  sciatic  bar  cal  Spleen 
nerve  nerve  cord  cord  brain 
1  Paresis 4th day and bitten  tail.  n.t.  0, 0, 0  2, 2, 3  i n.t.  n.t.  n.t. 
Bitten right posterior extremity 
5th day.  Dead 6th day 
2  Paresis  4th day and bitten tail.  "  O, O, 0  2, 2, 2  "  "  O, O, 0 
Sacrificed 6th day  I 
3  Flaccid paralysis of right posterior  0, 0, 010, 0, 0  2,2,2 2,3,42,2,3  0,0,0 
i  (inoculated) extremity and bit- 
ing of left anterior  extremity 
7th day.  Sacrificed 7th day 
4  Bitten left anterior extremity 7th 
day.  No paralysis.  Survived 
]  5  Chewed away left  and bit right 
anterior extremity.  No paral- 
ysis.  Survived 
6  Flaccid paralysis  of right poste- 
rior (inoculated) extremity  5th 
day.  Paralysis  both posterior 
and one anterior extremity 6th 
day.  Complete  paralysis  7th 
day.  Dead 8th day. 
7  Flaccid  paralysis  of  inoculated 
extremity 6th day.  Sacrificed 
6th day 
8  Flaccid  paralysis  of  inoculated 
extremity 7th day.  Complete 
paralysis  8th  day.  Sacrificed 
9th day 
9  Remained  well.  Sacrificed  9th 
day 
10  Remained well 
11  "  " 
0,0,00,0,02,2,2  n.t.  n.t.  !0,0,( 
0,0,00,0,03,  3,3!2,2,22,  2,20,0,( 
n.t..zt.t.  0,0, C 0,0,00,0,£  n.t. 
Abbreviations as in preceding table. ALBERT B.  SABIN AND  PETER  K.  OLITSKY  41 
these signs.  In the second experiment three of six mice inoculated into the right 
sciatic  nerve developed an  ascending  paralysis.  In  each  of these  three  mice 
flaccid paralysis first appeared in the inoculated limb; in one on the 5th, in another 
on the 6th, and in the third mouse on the 7th day after inoculation. 
The results of tests for virus in the sciatic nerves, spinal cord, brain, 
and spleen of many of these mice (Table II) leave little doubt that the 
C.N.S.  was invaded  in  the  animals which  developed  paralysis.  No 
virus was found in the spleen of any of the animals nor in  the C.N.S. 
of a  mouse which  remained  well after intrasciatic  inoculation.  The 
failure to detect virus in the inoculated sciatic nerves at a  time when 
the lumbar cords were positive and the  animals were paralyzed was 
difficult to explain.  Since each sciatic nerve was ground in 0.15  cc. 
of broth, of which 0.09  cc. was injected intracerebrally in mice (0.03 
cc.  into  each of three  animals),  it  does not  seem possible that  very 
much virus could be present in it without being detectable. 
To appraise the significance of the results of intrasciatic virus inoculation, it is 
necessary to have a definite conception of what happens when material is injected 
into such a nerve.  There is at present no general agreement regarding the fate of 
intraneuraUy injected  solutions  or colloidal  suspensions.  While  it is generally 
believed that the perineural lymphatics or spaces of a nerve like the sciatic do not 
communicate with the subarachnoid space, it is not sufficiently clear that a direct 
intraneural injection may not create new avenues for dispersion.  The observation 
of certain investigators that intraneurally injected dyes may reach the nervous 
axis at once or within a short time has been explained by the fact that when suffi- 
cient  pressure  is  exercised  during  such  inoculations,  existing  barriers  may be 
ruptured (2).  It is important, therefore, to consider  the possibility that in the 
present experiments the virus may have been introduced directly into the sub- 
arachnoid space, and that the results which were obtained throw no light on the 
capacity of the nerve fibres themselves to transmit the virus.  At the same time 
it should be remembered that by the very nature of the intraneural injection as 
practiced here, a  certain number of nerve fibres are cut and their axis cylinders 
(the direct extensions of nerve cells situated in the spinal cord or ganglia)  are 
exposed to the virus.  However this may be, it is evident that the nervous system 
is infected in only about half the number of animals. 
The fact that signs of C.N.S. disturbance appear first in the inoculated extrem- 
ity and are delayed for 5, 6, or 7 days favors more the hypothesis that the virus 
first involved the nerve cells whose axis cylinders were exposed during the inocula- 
tion, rather than that it produced infection by way of the spinal fluid in the sub- 
arachnoid space, although additional evidence is desirable to confirm this inter- 
pretsfion. 42  VESlCULA~ STO~ATITm VIRUS. 
Fate  of Intrasaiatically Injected  Virus.--It  has been  shown in the 
preceding paper (1) that after direct intracerebral inoculation of even 
minute amounts of virus in old mice, multiplication occurs within 24 
hours, when the virus is already more or less widespread in the C.N.S. 
It appeared, therefore, that if after intrasciatic inoculation (employing 
about 3 million ~.C.L.D.) some of the virus rapidly reached the sub- 
arachnoid space, it should be easily demonstrable in various parts of 
the C.N.S. within about 24 to 48 hours. 
To test this point, ten old mice were injected in the right sciatic nerve with 0.1 
cc. of 10 per cent virus suspension (about 3 million M.C.T..D.).  Most of the inocu- 
lure escaped into the surrounding thigh muscles but some remained in the nerve 
itself.  During the first 3 days one mouse was sacrificed every 24 hours and the 
following structures were tested for virus: right sciatic nerve,  left sciatic nerve, 
lumbar cord, cervical cord, entire brain, and, in one instance, the spleen.  Of the 
remaining seven mice, three developed paralysis 5, 6, and 7 days after intrasciatic 
inoculation.  The first sign in each case was flaccid paralysis  of the inoculated 
extremity.  One mouse was etherized  on the 6th day, at a time when the right 
posterior  extremity alone was paralyzed,  and the structures enumerated above 
were tested for virus.  Another mouse, which showed the first signs on the 7th 
day, was sacrificed on the 9th day, when it was completely paralyzed,  and the 
same structures were examined for virus with the exception that the brain was 
subdivided into four parts, ports and medulla, cerebellum, and the right and left 
halves of the remainder, which were studied separately. 
The results (Table III) show that during the first 3 days after sciatic 
inoculation no virus was demonstrable in the spinal cord or brain but 
was  present  in  the  inoculated  sciatic  nerve.  When  paralysis  first 
appeared, however, no virus was found in either sciatic nerve; it was 
abundant in the lumbar cord and in the brain but was present in only 
a trace in the cervical cord.  The relative scarcity of virus in the cer- 
vical cord, at a  time when the lumbar cord below it and some part of 
the  brain  above  it  contained  much  virus,  is  considered  significant 
because it corresponds  to  an observation made by Hurst  in  experi- 
mental  poliomyelitis  where,  after  intrasciatic  injection,  virus  was 
demonstrable in the lumbar cord, the motor cortex and thalamus of 
the opposite side, although not in the cervical cord (3).  In the mouse 
sacrificed 2 days after the onset of paralysis, every part of the brain 
and cord contained a  good deal of virus, while the sciatic nerves had 
none. ALBERT  B.  SABIN  AND  PETER  K.  OLITSKY  43 
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These observations do not coincide with what one would expect to 
find if the virus reached the subarachnoid space simultaneously with 
or soon after the intrasciatic inoculation.  They are more in accord 
with the view that the spinal cord was invaded by way of the  nerve 
fibres  exposed  to  the  virus.  The  long  delay  before  virus  became 
demonstrable in the spinal cord and its apparent disappearance from 
the nerve at or before the onset of paralysis may appear confusing at 
first glance, but these facts in themselves do not contradict this con- 
ception.  In  the  light  of these  findings  and  their  interpretation,  it 
would  appear  that  after  intramuscular  injection  in  old  mice,  the 
barrier to invasion of the  C.N.S.  is not so much in the nerve fibres 
themselves as at  their endings.  For by circumventing them,  as by 
direct nerve inoculation, the same disease may be induced in the old 
as in young, susceptible mice, although somewhat more slowly. 
Fate of Virus at the Site of Intramuscular Injection in Young and Old 
Mice.--The factors which determine the penetration of certain nerves 
by a  neurotropic virus are not as yet understood.  The relationship 
of local multiplication in either non-nervous tissue or the nerve endings 
to  invasion of the nervous  system has  been investigated  but little. 
The  purpose  of  the  following  experiments  was  to  disclose  any 
observable difference in the fate of virus injected into the muscles of 
young, susceptible mice in which the nerves are invaded, as compared 
with that introduced into old, resistant mice in which the nerves are 
not invaded.  The primary question concerned the multiplication of 
the virus at the site of inoculation in the two groups of animals. 
In the first experiment a known amount of virus was injected into the right calf 
musdes of young and old mice, and 2 days later two from each group were sacH- 
riced, the inoculated muscles removed and ground with sufficient broth to make 
10 per cent suspensions.  One part of these suspensions was titrated for virus and 
another was injected intramuscularly into groups of three young and three old 
mice, respectively.  This process was repeated at 2 day intervals until a sufficient 
number of passages had been made to give an indication of what happened.  The 
test with young animals was begun with three 15 day old mice, each of which was 
injected intramuscularly with 0.1 cc. of a  1:100 mouse brain suspension  (about 
3  ×  1@ to 3  ×  10  ~ ~¢.C.LD. of the N. J. strain).  At each passage two mice were 
sacrificed and three new ones subinoculated with 0.1 cc. of the 10 per cent muscle 
suspension.  The third mouse was retained to determine whether or not, and when 
paralysis might occur.  Approximately 1 year old mice were used for the "old" 
group and the same procedure was followed, except that more virus was given ALBERT  B.  SABIN  AND  PETEI~ l~. 0LIT~KY  45 
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with the primary intramuscular inoculation,  i.e.,  0.3 cc. of a  1:10 mouse brain 
suspension or 10  6 to 10  T  M.C.L.D.  At each passage 0.3 cc. instead of 0.I cc. of the 
muscle suspension was subinoculated into new animals. 
The results presented in Table IV show clearly that multiplication 
of the  virus occurred at  the  site  of inoculation  in  the  young mice. 
Six muscle to muscle passages were carried out, with evidence of multi- 
plication  each  time.  The  muscle  suspension  of  the  sixth  passage 
contained virus in a  dilution of 10  -6 at least,  and the mice which at 
each passage were left as controls developed typical, ascending, flaccid 
paralysis.  On the contrary, there is no evidence that multiplication 
occurred in the old mice.  2 days after the primary injection of 10  6 to 
10 T ~r.C.L.D.,  virus was  demonstrable  in the inoculated muscles in  a 
dilution of 10 -s.  It was present in the 10 -~ (i.e.,  10 per cent suspen- 
sion of the muscle) but not in the 10 -s dilution after the first passage, 
and none was found in the muscle of later passages. 
Although it is thus clear that there is a definite difference in the fate 
of virus injected intramuscularly in young and old mice, one cannot 
state with equal assurance on the basis  of this experiment that the 
virus  does not multiply  at  this  site  in  old mice.  More virus may, 
perhaps,  be required to initiate multiplication in old than  in young 
mice, and the total increase may be insufficient to permit successful 
muscle to muscle passage.  To investigate this point further, another 
experiment was planned. 
One group of old mice was injected intramuscularly with about 10  e M.C.L.D. and 
another with 104.  At intervals of 2, 24, 48, and 96 hours after injection mice from 
~ach group were sacrificed and the amount of virus present at the site of inocula- 
tion was estimated by iutracerebral inoculation into other mice. 
Among the mice injected with 10  ~  ~.e.T.D., virus Was found at the site of inocu- 
lation at 2 hours but not later, while among those injected with  106 xt.c.~..v, it 
persisted for the 4 days during which  tests were performed (Table V).  Since, 
however, more virus was present at 2 hours than at any subsequent test period, 
one cannot say that any multiplication occurred.  The fact that there appears 
to have been slightly more virus in the mouse sacrificed at 48 hours than in the 
one at 24 hours may, perhaps, represent an example of individual variation. 
To determine whether the virus would also fail to multiply in other 
non-nervous tissues of old mice, it was injected intracutaneously and 
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Mice injected with about 300,000 M.C.L.D.  were sacrificed at 2, 22, 72, and 120 
hour intervals and the amount of virus in the pads estimated by intracerebral 
inoculation  of various  dilutions  of highly centrifuged  suspensions.  (Horizontal 
centrifugation at about 2,000 R.P,M. for 45 minutes gave a supernatant liquid which 
did not produce bacterial meningitis and thus eliminated the necessity for filtra- 
tion.) 
In this instance there was somewhat more virus at  22  than at  2 
hours (Table VI).  None (i.e., less than 102 ~.C.L.D.) was found in the 
mouse tested at 72 hours, while the 120 hour pad contained as much 
virus as the 2 hour one.  The results show a  certain amount of ex- 
TABLE  V 
Fate of Virus (New Jersey Strain) at Site of Intramuscular Injection  in Old Mice 
Amount of virus injected 
intramuscularly 
1,000,000 M.C.L.D. 
10,000 xc.cj..l). 
Dilution of 
muscle tested 
for virus 
10-I 
10-: 
10-: 
10-~ 
10-I 
10-2 
lO-a 
10-4 
2 hrs. 
2, 5 
3, 0 
3, 5 
o,o 
3, 0 
6, 0 
0, 0 
0, 0 
Time after inoculation 
24 hrs.  48 hrs. 
2, 0  2, 2 
8, 0  2, 0 
0, 0  3, 0 
0, 0  0, 0 
0, 0  0, 0 
0, 0  0, 0 
0, 0  0, 0 
O, 0  O, 0 
96 hrs. 
3, 4 
O, 0 
3, 0 
n.t. 
0, 0 
0, 0 
0, 0 
n.t. 
Abbreviations as in preceding tables. 
pected  variation  as regards persistence  of virus  in individual mice, 
but do not suggest that any appreciable multiplication occurred. 
Whether or not this inability of the virus to multiply at the site of 
subcutaneous or intramuscular inoculation in old mice  can  be  held 
accountable  for  its  failure  to  invade  the  local  nerves  is  not  clear. 
Without histological studies one cannot say in what structures at these 
sites  the  virus  multiplies  in  the  young  and  not  in  the  old  mice. 
It has already been shown that in young mice there is no evidence of a 
generalized systemic infection after intranasal or intracerebral injec- 
tion,  and  that  even  after intramuscular inoculation of  10 7 ~.C.L.D. 
virus is not regularly present in the spleen.  While one might assume, 
therefore, that even in the young mouse the vesicular stomatitis vi- 48  VESICULAR  STOMATITIS  VIRUS.  II 
ruses may, perhaps, be strictly neurotropic, the extensive multiplica- 
tion occurring at the site of intramuscular injection would not be in 
accord with such a view unless this multiplication occurred entirely in 
nervous structures.  In the old mice, however, there appears to be 
little evidence to indicate that the virus is not strictly neurotropic. 
[ntraocular Injection of Virus in Young and Old Mice.--In  the pre- 
ceding experiments the virus was injected into regions supplied by two 
essentially different types of peripheral nerves.  Mter inoculation into 
the muscles of the leg the virus comes into relation with peripheral 
spinal nerves or with their specialized nerve endings, while after intra- 
nasal instillation there are, in addition to the fifth and sympathetic 
nerves,  the  olfactory neurones of the  first  order  with  their  short, 
dendritic processes at the very surface of the olfactory mucosa.  In 
TABLE  VI 
Fate of Virus (New Jersey Strain) Injected into Pads of Old Mice 
Pad ground up in  Time after injection of 300,000 M.C.L.D.  2.5 ce. of broth, and 
centrifuged  super- 
natant liquid  tested  for virus  2 hrs.  22 hrs.  72 hrs,  120 hrs. 
Undiluted  3, 6  3, 4  0, 0  3, 4 
10  -I  0, 0  5, 6  0, 0  0, 0 
10  ~  0, 0  0, 0  0, 0  0, 0 
Figures as in Table I. 
the former instance, the indication was that some local change in the 
old mice acted as a barrier against invasion of those peripheral spinal 
nerves by the virus; this peripheral barrier is probably almost always 
effective,  since  in  our  experience thus  far  not  a  single old  mouse 
developed  any  C.N.S.  signs  after  intramuscular  injection.  After 
nasal instillation the evidence indicated that the virus followed the 
olfactory rather than the fifth nerve pathway, and the barrier in old 
mice (which is less effective than after intramuscular injection) was 
somewhere in the C.N.S.  rather than peripheral.  The experiments 
dealing with the nature of this hypothetical central barrier suggested 
that the virus was spreading in a closed system along definite pathways 
and that somewhere in its course, local conditions prevented its further 
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to supply a  good opportunity for investigating further the nature of 
virus  spread  along  certain nerves and  the modifications which may 
develop with age. 
As regards the direct nervous pathways after intraocular injection, there are 
four routes to be considered.  First, infection of the ganglion  cells in the retina 
with subsequent spread along the fibres of the optic nerve; second, along the fibres 
of the fifth nerve; third, along the fibres of the third nerve supplying the ciliary 
body and iris; and fourth, the sympathetic nerves.  The optic nerve is not properly 
a peripheral nerve and the retina may be looked upon as an extracranial portion of 
the C.N.S. which can be exposed to the virus by an injection into the vitreous.  In 
the case of the retina, one may thus have conditions simulating those in the C.N.S., 
while with the other nerves the situation may correspond more closely to that in 
the peripheral nerves already studied in the leg muscles and nose. 
It is often stated, however, that from the eye substances may enter the pia- 
arachnoid space surrounding the optic nerve and thus spread to the base and rest 
of the brain by way of the spinal  fluid (4).  If that were to apply to vesicular 
stomatitis virus injected into the vitreous, one would expect no variation in effect 
from that obtained after ordinary intracerebral inoculation, i.e., lethal infection 
in both young and old mice.  The purpose of the first experiment, therefore, was 
to determine whether the effect of intraocular injection in young and old mice 
would simulate more closely that of direct intracerebral inoculation rather than 
of injection by other peripheral routes. 
A suspension of N. J. virus was titrated simultaneously in 15 day and 1 year old 
mice by intraocular injection.  The inoculations  were made into the vitreous of 
one eye, giving about 0.01 to 0.02 cc.: the eye would bulge and a varying amount 
of the fluid would escape.  Tenfold dilutions of the virus, ranging from 10  -1 to 
10  -~, were injected into groups of three young and three old mice.  The 10-0, 10  -°, 
and 10  -7 dilutions were also injected intracerebraUy into 4 week old mice in order 
to compare the relative infectivity of the virus by both routes. 
The  results  (Table  VII)  indicate  that  the  effect  of  intraocular 
injection of this  virus  simulates  that  obtained after other forms of 
peripheral, rather than that which follows direct intracerebral inocu- 
lation.  While  one  of  the  three  old  mice  which  received  the  10  -1 
dilution  succumbed  to  virus  encephalitis,  all  the  other  old  animals 
remained  well.  The  young  mice,  however,  developed  fatal  virus 
encephalitis.  The intraocular titre of the virus was 10 -~, as compared 
with the intracerebral end-point of 10  -°.  It is weU to recall, however, 
that the amount injected in the eye was considerably less than that 
given in the brain.  Other tests not recorded here indicated that while 
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day old animals already showed evidence of acquired resistance; the 
disease developed after a longer time in some, and failed to manifest 
itself in a varying number of others. 
Spread of Intraocularly Injected  Virus in the Central Nervous System 
of Young and Old Mice.--The purpose now was to identify the pathway 
to  the  brain  taken by virus injected into  the  vitreous;  to  trace  its 
subsequent course within the brain itself, and to find out in what way 
the results varied in young susceptible and old resistant mice.  The 
TABLE  VII 
Susceptibility of Young and Old Mice to Intraocular Injection of Vesicular Stomatitis 
Virus (New Jersey Strain) 
Dilution  of virtm 
suspension 
10-1 
10-= 
lO-S 
10-~ 
10-* 
10-t 
10-~ 
Intracerebral  titre 4 wks. 
old mice 
Dose: 0.03 cc. 
n. t. 
[c 
3, 4, 4, 7 
7, 8, 0 
0, 0, 0 
Intraocular titration in young and old mice 
Dose:  0.005 cc. to 0,01 cc. 
15 days old 
Average weight,  9 gin, 
3, 5, 5 
4, 6, 8 
4, 5, 0 
0, 0, 0t 
5, 5, 11 
0,0,0 
0, 0, 0 
About 1 yr. old 
Average  weight, 35 Sin. 
0, 0, 6* 
0, 0, 0 
0, 0, 0 
0, 0, 0 
0,0, 0 
0, 0, 0 
0, 0, 0 
Figures as in Table I. 
* Mouse sick on 6th day; sacrificed and virus demonstrated in brain by passage. 
t The failure of these mice to show signs of disease, while all three which re- 
ceived the l0  -5 dose succumbed, appears paradoxical but represents a phenomenon 
not infrequently encountered in virus titrations. 
question may well be asked whether the resistance of the old animals 
was again due to some sort of barrier to virus progression, and then 
whether that barrier  was in the eye itself or in some region of the 
brain.  The fact that old mice, with few exceptions, show no signs of 
disease after intraocular injection in itself casts doubt on the possibil- 
ity of the  virus  spreading  to  and  within  the  brain  by way of  the 
cerebrospinal fluid. 
To obtain an idea of the path of progression, different parts of the brain were 
examined for virus at varying intervals after intraocular injection.  The choice of 
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connections of the nerves supplying the eye.  The most important and also most 
numerous structures exposed to the virus after inoculation into the vitreous are 
the ganglion cells of the retina.  The axons of these cells form the optic nerve and 
the majority of them cross at the optic chiasm and terminate in the lateral, genicu- 
late ganglion, the lateral nucleus of the thalamus, and the superior coUiculus of 
the opposite side.  The number of fibres which remain uncrossed, depending upon 
the extent of binocular vision, is, as in the rat, probably very small  (5).  If the 
virus were to travel in a dosed system within these axons, one would expect to find 
it first in the diencephalon and mesencephalon of the side opposite to that of the 
inoculated eye, while if it traveled interstitially or spilled over readily from the 
axons into the interstitial tissues of the optic nerve, it should, upon reaching the 
chiasm, spread more or less equally to both sides of the diencephalon and mesen- 
cephalon.  Furthermore, if it reached one side before the other, one might expect 
that the occipitalcortex of the corresponding side (i.e. contralateral to the injected 
eye) would contain virus before that of the opposite side.  In some experiments, 
the entire diencephalon and mesencephalon were studied for virus content, while 
in others they were divided into the right and left sides, the cut being made to one 
side of the midline in order to avoid contaminating the negative with the possibly 
positive portion.  With the virus introduced into the right eye, the cut was made 
a little to the right of the midline because the left side would be expected to be 
positive and the right negative. 
A di$culty in the interpretation of results obtained with materivJ dissected in 
this manner arises when one considers the termination of that part of the third 
nerve which supplies the structures of the ciliary body and  iris.  After reaching 
and connecting with cells in the small ciliary ganglion, fibres of the third nerve in 
the mouse, as in other similar rodents, end in a single Edinger-Westphal nucleus 
which is situated in the midline just ventral to the aqueduct of Sylvius (5).  The 
above dissection would always include this nucleus in the suspected side and one 
could not say whether the presence of virus in it was due to passage along the optic 
or third nerve path.  From this nucleus, however, virus would not be expected 
to involve one occipital cortex before the other.  For this reason it was considered 
particularly important to test separately the right and left occipital cortex. 
The structures injured by the needle in the course of the injection, including 
those in the eye which might come in contact with  the virus, are supplied by 
branches of the fifth nerve.  These fibres pass through the ciliary and Gasserian 
ganglia and terminate in the pons and medulla.  The Gasserian ganglion and the 
part of the fifth nerve lying at the base of the skull were removed together, and 
the structures from each side were tested separately.  If the pons and medulla 
showed virus before other parts of the brain, it would point to the fifth nerve as an 
early route of progression.  The sympathetic nerves and ganglia were not investi- 
gated in these experiments. 
Still another pathway had to be considered.  It has already been stated that 
during intraocular inoculation some of the virus escaped from the eye; such virus 
might  conceivably reach  the  nose through  the  nasolachrymal duct  and  might 52 
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invade the brain through the highly susceptible olfactory mucosa.  In such  an 
event one would expect the olfactory bulbs to show virus at an early stage. 
With these anatomical considerations in mind, a number of experiments were 
performed,  in which the  parts  of the  brain  just  enumerated,  and  occasionally 
other parts as well,  were tested for virus at different intervals after intraocular 
injection.  The inoculations were always made into the right eye with a  10 per 
cent suspension  of the virus, so that  the amount administered  varied  roughly 
from 10  ~ to 106 ~.c.L.I).  15 day, 21 day, and 1 year old mice were used, and the 
results are summarized in Table VIII. 
The 15 day old mice were sacrificed at 20, 42, and 72 hoursafter 
inoculation.  Control mice  all  had pronounced C.N.S.  signs at  72 
hours.  At 20 hours no virus was demonstrable in any of the structures 
examined.  At 42  and 72 hours the virus was so diffusely scattered 
that one could not be certain about the paths which might have been 
primarily traversed.  It has already been remarked that in 21  day 
old mice the disease has a slower evolution and occasionally even fails 
to develop.  It was thought, therefore, that this might be associated 
with a slower progression of virus within the brain and might define 
more easily the routes taken.  That this proved to  be the  case is 
evident from the results recorded in Table VIII.  In one 21 day old 
mouse sacrificed at 24 hours, a trace of virus might have been present 
in the optic nerve and chiasm, while none was demonstrable in any 
of the other structures studied.  In another mouse etherized at 24 
hours it was demonstrable only in the left diencephalon and mesen- 
cephalon but not in the same structures of the right side or in any of 
the other parts tested.  At 48 hours one mouse showed virus in the 
diencephalon and mesencephalon (tested in toto) and in the left, but 
not in the fight occipital cortex, or in any of the other structures; 
another showed a trace of virus only in the left side of the dienceph- 
alon and mesencephalon and in the right Gasserian ganglion and fifth 
nerve.  At 96 hours one mouse (which might have proved resistant) 
exhibited no virus in any of the structures, while in another, in which 
only the right and left sides of the diencephalon and mesencephalon 
and the right and left occipital cortex were studied, it was demon- 
strable in all, but definitely less in amount in the right (homolateral) 
than in the left (contralateral) occipital cortex. 
Integration of the results obtained with the 21 day old mice leads 
to the belief  that the decussating optic pathway is primarily used. ~4  VESICULAR  STOMATITIS VIRUS.  II 
In view of what has already been said of the position of the Edinger- 
Westphal nucleus in the mesencephalon, the implication of the optic 
path is based on finding virus only in the contralateral occipital cortex 
at an early stage.  The uniform absence of virus from the olfactory 
bulbs in the early stages shows that there was no contamination from 
that source.  It cannot be ascertained from these findings whether 
or not the third nerve pathway was traversed and the involvement of 
the fifth nerve was either dubious or only suggestive,  it is not certain 
that a similar course is necessarily followed by the virus in the 15 day 
old mice, although such a possibility is not excluded by the available 
facts.  It is clear, however, that in order to establish the pathways 
followed by the virus from the eye, the present findings  should be 
supplemented by suitable pathological studies.  These will form the 
subject of the next paper. 
Among five 1 year old mice, the brains of which were examined on 
the 2nd, 4th, and 6th days, virus was found in only one, sacrificed on 
the 2nd day after intraocular injection.  This may have been one of 
the  exceptional mice which would have  succumbed to  the  experi- 
mental disease.  It should be noted again that while the contralateral 
occipital cortex of this animal had considerable virus, only a minute 
amount was present in the homolateral side.  The absence of virus 
in the brain of two other mice sacrificed on the 2nd day, as well as in 
that  of  the  other  animals studied, suggests that  after  intraocular 
injection the barrier to cerebral invasion is probably in the eye of the 
old, resistant animals. 
DISCUSSION 
After inoculation into the leg muscles of young mice, virus was 
found to undergo considerable multiplication at the site of injection 
and to invade within 2 days the spinal cord by way of the sciatic nerve, 
giving rise on the 4th day to flaccid paralysis of the inoculated ex- 
tremity as the first clinical sign of the disease.  The virus spread to 
the rest of the brain and the animals died.  No virus was found in the 
blood, although the spleen was occasionally positive after injection of 
10 million M.C.L.D.  Old mice injected similarly never showed signs of 
disease,  regardless of the  dose administered.  In  them no  definite 
evidence of local multiplication could be obtained and in spite of the 
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for days of many thousands of M.C.L.D. of virus, it invaded neither the 
sciatic nerve nor the C.N.S., and the animals remained well.  The 
fact that half the number of mice developed the typical paralytic 
disease after direct intrasciatic inoculation (with trauma to the nerve) 
suggested that some barrier at the site of intramuscular injection in 
the  old mice prevented the  virus from invading the  nerve.  This 
assumption was  strengthened by  the  finding that  the  intraneural 
injection was not followed by a direct and immediate spread of virus 
into the C.N.S.; the virus appeared to be localized in the nerve for at 
least 3 days, during which period none was found in the spinal cord. 
In animals which failed to develop the disease after intraneural in- 
jection, no virus was demonstrated in the C.N.S. 
To identify the nature and precise location of the barrier at the site 
of intramuscular injection, one must have a clearer and better founded 
conception than is now available of the mechanism by which a periph- 
eral nerve, like the sciatic, is invaded by virus deposited in the muscle. 
If the virus could progress to the C.N.S. only along the axons, it might 
first have to penetrate certain specialized nerve endings, which per- 
haps may not be accessible except through the cells that they supply. 
If this were the case, one could understand how the mere presence of a 
large amount of a virus without the simultaneous capacity to attack 
the cells might fail to involve the nerve endings.  It should be men- 
tioned, however, that rabies virus has been reported as being capable 
of invading a  peripheral nerve without primary local multiplication 
(2).  The absence of local multiplication in old mice cannot, there- 
fore, in itself be considered as the underlying factor of the failure of 
large amounts  of virus which persist in the muscle to invade the nerve. 
Furthermore, it will be shown in a  subsequent publication that this 
same virus in another host, whose central nervous system as a whole 
is as susceptible as that of the mouse, is capable of local multiplica- 
tion in peripheral tissue without at the same time invading the nerve. 
The r61e of the nerve endings, therefore, deserves especial considera- 
tion in further work on this subject. 
The investigations on the intranasal and intramuscular routes of 
inoculation revealed two apparently distinct mechanisms of resistance 
in old mice.  In the former instance, the virus can involve the C.N,S. 
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"silent"  area,  probably  somewhere in  the  anterior rhinencephalon, 
while after intramuscular injection, the barrier is peripheral, the virus 
being unable  to invade either the peripheral nerves or the  C.N.S. 
The effect of intraocular injection was studied in young and old mice 
because  the  special anatomical structure  and relations  of the  eye, 
which were discussed in the text, afforded an opportunity for further 
elucidation of the nature of virus progression and of the changes which 
the age of the host may induce.  Injections of the  virus into  the 
vitreous of young mice proved almost as effective in producing virus 
encephalitis as direct intracerebral inoculation.  Old mice, however, 
with few exceptions, proved to be resistant, even when large amounts 
of virus were given.  Experiments dealing with the spread of the virus 
from the eye to the brain indicated that in young mice the primary 
pathway is probably along the axons of the optic nerve with decussa- 
tion to the contralateral diencephalon and mesencephalon and subse- 
quent  early  spread  to  the  corresponding occipital  cortex.  In  re- 
sistant, old mice, however, the virus meets some sort of barrier within 
the eye and fails to invade the brain. 
The phenomena encountered in the present studies on the mode of 
progression of vesicular stomatitis virus after different routes of inocu- 
lation are difficult to explain except on the basis of the axonal spread 
of this virus, not only from the periphery to the brain, but also along 
specific closed or insulated tracts  across  synapses within the brain 
itself.  The hypothesis of the development with age of certain local- 
ized  barriers  in  the peripheral and  central nervous systems as  an 
explanation for the resistance of old mice to peripheral inoculations 
with this virus is tenable only in relation to such a concept.  For this 
reason  it  was  deemed advisable  to  attempt  to  obtain,  if possible, 
pathological confirmation of the mechanisms which the purely bio- 
logical experimentation suggested.  The results of such a study are to 
be presented in a subsequent paper. 
SUAr~XARY 
1.  Injection of vesicular stomatitis virus into  the leg muscles of 
young mice gives rise to flaccid paralysis of the inoculated extremity as 
the first clinical sign of a  disease which is invariably fatal; old mice 
similarly injected with  the  largest  doses of virus  survive  without 
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2.  In young mice the virus was shown to multiply at the site of 
inoculation and to invade the  sciatic nerve and spinal cord; there 
was no evidence of multiplication of virus in the blood or viscera. 
3.  In old mice, after intramuscular injection of as much as 10 million 
~.C.L.D., there was no evidence of either local or systemic multiplica- 
tion; in spite of the persistence of thousands of ~.C.L.D. of virus at the 
site of inoculation for at least 4 days, there was no detectable invasion 
of the sciatic nerve or the central nervous system. 
4.  Injection of the virus directly into the sciatic nerve of old mice 
led to the typical paralytic disease in half the number of animals. 
5.  For 3 days after intrasciatic injection the virus could be demon- 
strated in the nerve but not in the spinal cord or brain.  At the onset 
of paralysis (6th day) virus was detectable in the spinal cord but no 
longer in the inoculated nerve. 
6.  The capacity of the virus to invade the central nervous system 
from the nerve but not from the muscle suggested the existence of a 
barrier in the muscle or myoneural junction. 
7.  Injection of  the  virus into  the  vitreous humor of the  eye is 
followed by a fatal encephalitis in 15 day old mice, but 1 year old mice, 
with few exceptions, survive without showing signs of disease. 
8.  The spread of virus in the brains of intraocularly injected,  15 
day old mice was  too rapid to  indicate the pathways which were 
pursued, but in 21 day old mice there was evidence that the primary 
pathway was probably along the axons of the optic nerve with decus- 
sation  to  the  contralateral  diencephalon and  mesencephalon, and 
subsequent early  spread to  the  corresponding occipital cortex.  In 
resistant, old mice, however, no virus was found in any part of the 
brain. 
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